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Abstract
Background: Before performing spine non-fusion surgery that retains the facet joints, choosing an accurate
radiographic method to evaluate the degree of facet joint degeneration is extremely important. Therefore, the
objective of this study was to determine the accuracy and reliability of different radiographic classifications by
analyzing the correlation between radiographic and pathologic grading of lumbar facet joint degeneration. Taking
the pathologic examination as standard, the consistency of computed tomography (CT) and magnetic resonance
imaging (MRI) assessment of lumbar facet joint degeneration was compared.
Methods: A total of 74 facet joints obtained from 42 patients who underwent posterior lumbar surgery were
evaluated. All patients underwent CT and MRI before surgery. The pathologic grade was evaluated with a method
based on hematoxylin-eosin and toluidine blue staining. The radiographic grade was evaluated using the methods
proposed by different authors.
Results: There was a moderate consistency between pathologic and radiographic grading for facet joint degeneration.
The weighted kappa coefficients comparing pathologic with radiographic grading were 0.506 for CT, 0.561 for MRI, and
0.592 for CT combined with MRI, respectively. Taking the pathologic examination as standard, the consistency of CT
and MRI examination was also moderate, and the weighted kappa coefficient was 0.459.
Conclusion: The radiographic examination has moderate accuracy and reliability for evaluating degeneration of facet
joints. Therefore, a more accurate method for evaluating the degeneration of facet joints is necessary before
performing spine non-fusion surgery that retains the facet joints.
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Background
In patients with low back pain, the proportion of lumbar
facet joint osteoarthritis (FJOA) is as high as 40–85 %
[1]. It has been reported that 15–40 % of low back pain
may be caused by FJOA [2, 3]. The facet joint is a syn-
ovial joint composed of cartilage, synovium, and an ar-
ticular capsule [4, 5]. The characteristics of FJOA are
similar to other synovial joints such as the knee [4, 6].
The degeneration of the lumbar facet joint will not only
cause low back pain but also lead to instability of the
spine, resulting in degenerative spondylolisthesis and
scoliosis [7].
Spinal fusion is currently the most common operation
for treatment of lumbar degenerative disease, but postop-
erative complications such as loss of motion and adjacent
segment degeneration may occur [8]. Motion preservation
devices and intervertebral disc replacement may help to
reduce these disadvantages. Moreover, interspinous de-
vices have been used to treat low back pain originating
from facet joints, but were not suitable for severe facet
joint pain [9]. Patients with severe degeneration of the
facet joint could still have low back pain after successful
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intervertebral disc replacement [10]. Therefore, preopera-
tive accurate assessment of facet joint degeneration will
contribute to the choice of the appropriate surgical treat-
ment of lumbar degenerative disease.
Recently, the pathologic grading of facet joint degener-
ation described by Gries [11] has been widely accepted.
Radiographic grading was evaluated with methods re-
ported by Pathria, Grogan, and Weishaupt, respectively
[12–14]. Determination of the correlation between facet
joint pathologic and radiographic grading to facilitate
the choice of an appropriate radiographic examination
for evaluation of facet joint degeneration is necessary.
Our study evaluated the correlation between pathologic
and radiographic grading to determine the accuracy and
reliability of radiographic grading of facet joint degener-
ation to facilitate accurate evaluation of facet joint de-
generation before lumbar spine surgery, and to aid in
selection of the appropriate operation.
Methods
Subjects
We recruited 42 patients (19 women and 23 men), 21 to
68 years old (mean: 52 years), who underwent posterior
lumbar surgery after being symptomatic for 3 to
240 months (mean: 48 months). All patients underwent
CT and MRI before surgery, and 74 inferior articular
processes (2 facets at L1/2, 3 at L2/3, 17 at L3/4, 35 at
L4/5, and 17 at L5/S1) were obtained at surgery.
We included patients with lumbar spinal stenosis, lum-
bar disc herniation, and spondylolisthesis. All patients
underwent routine CT (64-layer, high-speed helical CT,
Siemens) and MRI (1.5 T, Siemens) preoperatively, and
the inferior articular processes were resected intraopera-
tively. Exclusion criteria were patients with lumbar spinal
tumor, infectious disease, fracture, or prior surgical
treatment.
Image evaluation
Criteria proposed by Pathria to estimate the degener-
ation of the facet joint on CT were used [12]. Grade 1,
normal; Grade 2, narrowing of facet joint; Grade 3, nar-
rowing plus sclerosis or hypertrophy; and Grade 4, se-
vere osteoarthritis with narrowing, sclerosis, and
osteophytes (Figs. 1, 2 and 3).
Degeneration of the facet joint on MRI was evaluated
according to the criteria used by Grogan [13]. Grade 1,
Fig. 1 A 43 years old woman with L5-S1 lumbar disc herniation suffered posterior lumbar surgery. The left inferior articular process of L5 was
examinated by hematoxylin and eosin (40×) (left) and toluidine blue (40×) (right) stain. The pathologic grading was 2. The CT grading, the MR
grading and the CT combined MR grading were also 2
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uniformly thick cartilage covering both articular surfaces
completely; a uniform thin band of cortical bone. Grade
2, cartilage covering the entire surface with eroded or ir-
regular regions; a thin band of cortical bone extended
into the space from the articular surface. Grade 3, cartil-
age incompletely covering the articular surface, with the
underlying bone exposed to the joint space; dense bone
extended into the joint space but covering less than half
the facet. Grade 4, complete absence of cartilage except
for traces evident on the articular surface; presence of
osteophytes or dense cortical bone covered greater than
half the facet joint (Figs. 1, 2 and 3).
We also used Weishaupt proposed criteria adapted
from those by Pathria to define the degree of facet de-
generation using CT combined with MRI [14]. Grade 1,
normal facet joint space (2–4 mm width); Grade 2, nar-
rowing of the facet joint space (<2 mm) and/or small
osteophytes, and/or mild hypertrophy of the articular
process; Grade 3, narrowing of the facet joint space and/
or moderate osteophytes, and/or moderate hypertrophy
of the articular process, and/or mild subarticular bone
erosions; and Grade 4, narrowing of the facet joint space
and/or large osteophytes, and/or severe hypertrophy of
the articular process, and/or severe subarticular bone
erosions, and/or subchondral cysts (Figs. 1, 2 and 3).
Pathologic evaluation
The inferior articular processes were resected during the
posterior lumbar surgery, and were fixed in 10 % neutral
buffered formalin. The specimens were immersed in a
solution containing 10 % nitric acid and 1 % ethylenedi-
aminetetraacetic acid (EDTA) for decalcification. After
dehydration the specimens were embedded in paraffin,
and a microtome was used to section the specimens into
5-um thickness, followed by dewaxing and washing. Fi-
nally the sections were stained by hematoxylin-eosin and
toluidine blue, respectively.
The pathologic grade was evaluated with a method
proposed by Gries [11]. Grade 1, smooth intact sur-
face, orderly chondrocyte distribution, orderly colla-
gen framework; uniform lamellar subchondral bone
plate, uniform vascular budding into cartilage. Grade 2,
tangential surface flaking, minimal chondrocyte death,
few chondrones; minor thickening of trabeculae, small
fissures at bone-cartilage junction, occasional fibrous
tissue formation. Grade 3, fissures < 1/2 total depth,
Fig. 2 The pathologic grading of the left L4/5 facet joint was 3. While the CT and MR grading was 2, the CT combined MR grading was 3. Both
the CT and the MR grading underestimated the degree of facet joints degeneration
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loss of cartilage < 1/2 depth, moderate chondrocyte
death, many chondrones; moderate trabecular thicken-
ing, woven bone formation, moderate fibrous tissue for-
mation. Grade 4, deep fissures, areas of total cartilage
loss, extensive chondrocyte death; eburnation of ex-
posed bone, bone sclerosis, cysts, extensive fibrosis
(Figs. 1, 2 and 3).
Statistical analysis
The consistency of radiographic and pathologic grading
as well as the consistency of CT and MRI grading based
on the histologic examination were evaluated by consist-
ent percentage and weighted kappa statistics. The kappa
scores were classified into six categories: less than 0.00
(poor), 0.00 to 0.20 (slight), 0.21 to 0.40 (fair), 0.41 to
0.60 (moderate), 0.61 to 0.80 (substantial), and 0.81 to
1.00 (almost perfect) [15].
All radiographic and pathologic grading was assessed
by two independent professionals. Grading was reevalu-
ated up to 4 weeks after the first assessment. The inter-
observer and intraobserver agreement was estimated.
The sensitivity, specificity, false negative rates (FNR).and
false positive rate (FPR) were also calculated. SPSS (SPSS
Statistics 13) was used for the statistical analyses.
Results
Consistency of radiographic and pathologic grading
The results showed moderate consistency between the
CT and pathologic grading. Results for readers 1 and 2
and the consensus evaluation were the same for image
and histologic grading in 39 (52.70 %), 41 (55.41 %), and
51 (68.92 %) of 74 facets, respectively. The agreement of
CT and pathologic grading showed weighted kappa coef-
ficients of 0.291, 0.297, and 0.506 for readers 1 and 2
and the consensus evaluation, respectively. Readers 1
and 2 and the consensus evaluation underestimated 26
(35.14 %), 23 (31.08 %), and 16 (21.62 %) facets (rate),
and overestimated 9 (12.16 %), 10 (13.51 %), and 7
(9.46 %) facets (rate), respectively (Table 1). With the
pathologic grade set as a standard, and with pathologic
grades 1 and 2 defined as not degeneration, and grades 3
and 4 defined as degeneration, the facets were graded as
not degeneration by CT, but as degeneration by patho-
logic grading in 19 (25.68 %), 14 (18.92 %), and 8
(10.81 %) facets by readers 1 and 2 and the consensus
evaluation, respectively. The false negative rate (FNR)
was 31.67, 23.33, and 13.33 %, and the false positive rate
(FPR) was 28.57, 42.86, and 21.43 % for readers 1 and 2
and the consensus evaluation. The sensitivity and speci-
ficity of CT were 68.33, 76.67, and 86.67 %, and 71.43,
Fig. 3 The pathologic grading of the right L4/5 facet joint was 4. While the CT grading was 3, the MR and CT combined MR grading was 4. The
CT grading underestimated the degree of facet joints degeneration
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57.14, and 78.57 % for readers 1 and 2 and the consen-
sus evaluation, respectively (Table 4).
The results showed moderate consistency between
MRI and pathologic grading. Results for readers 1 and 2
and the consensus evaluation were the same grade for
images and histologic grade in 49 (66.22 %), 49
(66.22 %), and 54 (72.97 %) of 74 facets, respectively.
The agreement of MRI and pathologic grading showed
weighted kappa coefficients of 0.458, 0.445, and 0.561
for readers 1 and 2 and the consensus evaluation, re-
spectively. Readers 1 and 2 and the consensus evaluation
underestimated 13 (17.57 %), 16 (21.62 %), and 12
(16.22 %) facets (rate), and overestimated 12 (16.22 %), 9
(12.16 %), and 8 (10.81 %) facets (rate), respectively
(Table 2). The facets were graded as not degeneration by
MRI but as degeneration by pathologic grading in 9
(15 %), 7 (11.67 %), and 6 (10 %) facets by readers 1 and
2 and the consensus evaluation, respectively. The false
negative rate was 15, 11.67, and 10 %, and the false posi-
tive rate was 50, 42.86, and 35.71 % for readers 1 and 2
and the consensus evaluation, respectively. The sensitiv-
ity and specificity of MRI were 85, 88.33, and 90 %, and
50, 57.14, and 64.29 % for readers 1 and 2 and the con-
sensus evaluation, respectively (Table 4).
The results showed moderate consistency between CT
combined with MRI grading and pathologic grading. Re-
sults for readers 1 and 2 and the consensus evaluation were
the same for images and histologic grade in 45 (60.81 %),
48 (64.86 %), and 55 (74.32 %) of 74 facets, respectively.
The agreement of CT combined with MRI and pathologic
grading showed weighted kappa coefficients of 0.394, 0.426,
and 0.592 for readers 1 and 2 and the consensus evaluation,
respectively. Readers 1 and 2 and the consensus evaluation
underestimated 23 (31.08 %), 20 (27.03 %), and 14
(18.92 %) facets (rate), and overestimated 6 (8.11 %), 6
(8.11 %), and 5 (6.76 %) facets (rate), respectively (Table 3).
The facets were graded as not degeneration by CT com-
bined with MRI but as degeneration by pathologic grading
in 15 (25 %), 9 (15 %), and 9 (15 %) facets by readers 1 and
2 and the consensus evaluation. The false negative rate was
25, 15, and 15 %, and the false positive rate was 28.57,
35.71, and 28.57 % for readers 1 and 2 and the consensus
evaluation. The sensitivity and specificity of CT combined
with MRI were 75, 85, and 85 %, and 71.43, 64.29, and
71.43 % for readers 1 and 2 and the consensus evaluation,
respectively (Table 4).
Consistency of CT and MRI classification based on
pathologic grading
With the pathologic grade set as a standard, results for
readers 1 and 2 and the consensus evaluation were the
same for at least one of the two image grades as for
histologic grade in 55, 56, and 63 of 74 facets, respect-
ively. The numbers of CT and MRI classifications which
were the same as for the pathologic grade were 38, 41,
and 51, and 43, 45, and 54 for readers 1 and 2 and the
consensus evaluation, respectively. Results for readers 1
and 2 and the consensus evaluation yielded the same
grade for CT and MRI in 26 (47.27 %), 30 (53.57 %), and
42 (66.67 %) facets, and the weighted kappa coefficients
were 0.212, 0.235, and 0.459 respectively.
Intraobserver and interobserver agreement
Intraobserver agreement
Two observers evaluated the histologic and radiographic
grading twice to determine the intraobserver agreement.
The weighted kappa coefficients of the two histology ob-
servers were 0.852 and 0.833, respectively (almost
perfect).
The weighted kappa coefficients of reader 1 for CT,
MRI, and CT combined with MRI grading were 0.655,
0.646, and 0.653, respectively. The weighted kappa coef-
ficients of reader 2 were 0.654, 0.656, and 0.669, respect-
ively; all they corresponded to substantial agreement
(Table 5).
Interobserver agreement
The weighted kappa coefficients of the two histology ob-
servers were 0.810 and 0.812, respectively (almost per-
fect agreement).
Table 2 Consistency of MR grading and pathologic grading for facet joint degeneration
Reader Underestimate Exact estimate Overestimate Weighted kappa coefficient
Reader 1 13(17.57 %) 49(66.22 %) 12(16.22 %) 0.458
Reader 2 16(21.62 %) 49(66.22 %) 9(12.16 %) 0.445
Consensus 12(16.22 %) 54(72.97 %) 8(10.81 %) 0.561
Table 1 Consistency of CT grading and pathologic grading for facet joint degeneration
Reader Underestimate Exact estimate Overestimate Weighted kappa coefficient
Reader 1 26(35.14 %) 39(52.70 %) 9(12.16 %) 0.291
Reader 2 23(31.08 %) 41(55.41 %) 10(13.51 %) 0.297
Consensus 16(21.62 %) 51(68.92 %) 7(9.46 %) 0.506
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For the first time, the weighted kappa coefficients of
readers 1 and 2 for CT, MRI, and CT combined with
MRI grading were 0.653, 0.645, and 0.553, respectively.
The second time, the weighted kappa coefficients were
0.630, 0.615, and 0.572. The interobserver agreement of
the two readers was substantial evaluating facets with
CT or MRI, but only moderate combining CT and MRI
(Table 6).
Discussion
Consistency between radiographic and pathologic
grading
This study showed that radiographic grading of facet
joint degeneration demonstrated moderate consistency
with pathologic grading; CT combined with MRI grading
exhibited the best agreement, followed by MRI grading
and CT grading. The sensitivity of evaluation of facet
joint degeneration was better than the specificity, indi-
cating that imaging examination could efficiently detect
degeneration of the facet joint, but that accuracy needed
improvement. Moreover, imaging classification had a
tendency to underestimate degeneration compared to
pathologic classification; this finding suggests that clini-
cians should expect more severe facet degeneration than
the degeneration estimated through CT or MRI.
In this study, we adopted the grading system proposed
by Grogan, and first evaluated both cartilage and sub-
chondral bone degeneration. Studies had shown that
subchondral bone plays an important role in the devel-
opment of osteoarthritis [16–19]. In the early period of
osteoarthritis, transformation enhancement of subchon-
dral bone, change of trabecular bone structure, and
sclerosis of subchondral bone appear [20]. Because ar-
ticular cartilage derives nutrition from the terminal ves-
sels in the subchondral bone plate and calcified cartilage
layer [21], subchondral bone sclerosis can not only ac-
celerate the disease process, but also is likely to be an
originating factor in the onset of osteoarthritis [22].
Considering the role of the subchondral bone in osteo-
arthritis, this study introduced the grade of facet joint
subchondral bone degeneration to obtain more accurate
radiographic and pathologic classification.
Since CT examination could better display osteophyte
formation, hypertrophy of articular processes, sclerosis,
calcification of the joint capsule, and the vacuum joint
phenomenon [23], previous research reported that CT
was the best radiographic examination for evaluating
facet joint degeneration [4, 24–26]. However, our study
found that MRI examination was slightly superior to CT
in assessing facet joint degeneration. The different re-
sults may be explained because the studies that reported
CT facet evaluation being better than MRI assessment
were published years ago, when MRI technique was lim-
ited, thus leading to low accuracy on MRI examination.
Our study used a 1.5 T MRI, which not only better
displayed the articular cartilage, joint fluid, and joint
capsule, but also showed osteophytes, subchondral bone,
and other osseous structures. Use of a 3 T MRI device
may be able to identify minimal and early phase degen-
eration of facet joints, and improve the accuracy of MRI
examination. The intraobserver and interobserver agree-
ments of MRI classification were inferior to CT, indicat-
ing that MRI grading was more prone to produce
divergence between the observers. Therefore, trained
and experienced observers are needed to evaluate MRI
grading to obtain adequate accuracy.
In this study, the consistency between CT combined
with MRI grading and pathology grading was better, the
sensitivity was highest, and the false negative rate was
lowest than other method alone. However, both CT and
MRI examination underestimated facet joint degener-
ation; thus, advanced imaging technology and more ac-
curate grading methods for facet joint degeneration are
necessary to improve the accuracy and reliability of
evaluation of the degenerative facet joint.
Table 3 Consistency of CT combined with MR grading and pathologic grading for facet joint degeneration
Reader Underestimate Exact estimate Overestimate Weighted kappa coefficient
Reader 1 13(17.57 %) 45(60.81 %) 12(16.22 %) 0.394
Reader 2 16(21.62 %) 48(64.86 %) 9(12.16 %) 0.426
Consensus 12(16.22 %) 55(74.32 %) 8(10.81 %) 0.592
Table 4 Sensitivity, specificity, false negative rate, false positive
rate of radiographic examination for facet joint degeneration by
the pathologic grading
Radiography Sensitivity Specificity FNR FPR
CT
Reader 1 68.33 % 71.43 % 31.67 % 28.57 %
Reader 2 76.67 % 57.14 % 23.33 % 42.86 %
Consensus 86.67 % 78.57 % 13.33 % 21.43 %
MR
Reader 1 85.00 % 50.00 % 15.00 % 50.00 %
Reader 2 88.33 % 57.14 % 11.67 % 42.86 %
Consensus 90.00 % 64.29 % 10.00 % 35.71 %
CT combined with MR
Reader 1 75.00 % 71.43 % 25.00 % 28.57 %
Reader 2 85.00 % 64.29 % 15.00 % 35.71 %
Consensus 85.00 % 71.43 % 15.00 % 28.57 %
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Consistency of CT grading and MRI grading based on
pathologic grading
With the pathologic examination set as a standard, the
CT and MRI grading showed moderate consistency. This
result may be related to the features of CT and MRI
examination, in which CT mainly observed the degener-
ation of bony structures, whereas MRI detected articular
cartilage degeneration. Therefore, we do not think that
CT examination can replace MRI for evaluation of facet
joint degeneration.
Clinical implications of radiographic grading for facet
joint degeneration
Facet joint degeneration is an important cause of low
back pain [2–4], and the amount of low back pain is as-
sociated with the degree of facet joint degeneration in
some patients [27]. In the spine arthrodesis, facet joints
are usually fused along with intervertebral fusion. As a
result, the possible facet pain may be cured, in other
words, the facet pain may be eliminated through the fu-
sion procedure. Nevertheless, in non-fusion surgeries
that retain the facet joints, such as artificial disc replace-
ment or discectomy, patients with low back pain may
still have symptoms secondary to facet joint degener-
ation. Therefore, an accurate evaluation of facet joint de-
generation is particularly important before surgery. This
study found that CT and MRI examination in the evalu-
ation of facet joint degeneration had moderate accuracy
and reliability, and CT combined with MRI was the best
choice for assessment of facet joint degeneration. Clinic-
ally, use of CT and MRI examination to evaluate facet
joint degeneration before spinal non-fusion surgery is
presently the best option to detect FJOA.
There were some limitations in this study. First, pa-
tients with lumbar spinal stenosis, lumbar disc hernia-
tion, or spondylolisthesis were chosen in this study, and
were not clearly diagnosed with FJOA. Therefore, this
study did not evaluate the correlation between symp-
toms and facet joint degeneration. Second, the majority
of patients had a long course of disease and severe de-
generation of the facet joints, and normal facet joint
specimens were not obtained. Increasing the sample size
or collecting facets from patients with lumbar fractures
could be implemented in further research. Third, the
facet samples were excised from living patients, so only
the inferior articular specimens which were resected
during fusion surgery were used. However, previous
studies proved that the degeneration of superior and
inferior articular facets made no obvious difference
[28, 29]. Thus, we surmise that the inferior articular
processes represent degeneration of the entire facet
joint.
Facet joints play an important role in non-fusion sur-
gery, but our study showed that the accuracy and reli-
ability of the radiographic examination to evaluate facet
joint degeneration was still limited. Therefore, using
more advanced radiographic technology and thin-layer
scanning, and developing more accurate and effective
radiographic grading for facet joint degeneration will be
the direction of our further research.
Conclusion
This study found that current radiographic techniques
had moderate accuracy and reliability for assessing facet
joint degeneration. CT combined with MRI was better
for assessing facet joint degeneration than CT or MRI
alone. However, more accurate radiographic grading for
evaluating facet joint degeneration is still needed.
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Wκ weighted kappa coefficient
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